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I. INTRODUCTION 
This report describes the effort by the Naval Postgraduate School (NPS) in its 
development of a competency model for the profession of systems engineering.  
Competency modeling can be defined as the activity of determining the specific 
competencies that are characteristic of high performance and success in a given job 
(LaRocca, n.d.). According to Joshi et al., competency is defined as the ability to use the 
appropriate knowledge, skills and abilities (KSAs) to successfully complete a specific 
job-related task (Joshi et. al. 2010). To understand the relationship competency modeling 
has with the identification of the competencies required of engineers, NPS developed a 
systems engineering career development competency model.  
Referred to as the Systems Engineering Competency Career Model (SECCM), the 
model highlights an aggregate of the core technical and general KSAs.  The KSAs were 
researched from the current hiring manuals of various naval and engineering enterprises. 
Two key objectives of the SECCM were to: develop an approach and methodology to 
obtain baseline information needed for systems engineering competency model 
development (for example the related KSAs, relevant education, training, and experience 
required) and to define career paths for systems engineers (jobs, assignments, and 
timing). Other objectives included to design and administer a survey to determine the 
competencies associated with systems engineering. 
A. BACKGROUND 	  
There is consensus between the Naval Postgraduate School (NPS) systems 
engineering (SE) research team and the Deputy Assistant Secretary of the Navy (DASN), 
Research, Development, Test and Evaluation (RDT&E), Chief Engineer (CHENG) that 
the required competencies and certifications for proficient DON systems engineers need 
to be examined (Whitcomb, Khan and White 2013). The DASN (RDT&E) desires a 
concrete study of what systems engineers do and how they develop throughout their  
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careers. As part of a DASN (RDT&E) strategic initiative, a team from NPS’s Systems 
Engineering Department developed an overall approach in order to design a naval 
systems engineering competency model. 
B. SCOPE 	  
The scope for this project included defining KSAs using Bloom’s taxonomic 
classification scheme of the cognitive and affective learning domains, and then 
harmonizing the SECCM with Krathwohl’s revision of Bloom’s taxonomic classification 
scheme.  Overall, the NPS research team worked to develop an approach and 
methodology to obtain baseline information needed for the SECCM’s life cycle 
development, and to define career paths for systems engineers for the DOD. 
Although not in the scope of FY13 research, once completed, the SECCM must 
be validated under the Uniform Guidelines for employee selection.  Once validated, the 
model can be used to create systems engineering position descriptions and related career 
development plans that would be specifically used for systems engineers within the DON 
and perhaps for DOD. As such, the development of a baseline competency model is the 
first step in performing a validation process in accordance with the Uniform Guidelines. 
C. PROBLEM STATEMENT 	  
The Systems Planning, Research, Development and Engineering (SPRDE) career 
field has approximately 38,000 employees (Lasley-Hunter and Alan, 2011).  Given the 
sheer number of engineering field related personnel, one would think that there would be 
guidance on occupational codes or position descriptions for what systems engineering 
need to know, and need to do.  Yet, there is currently no professional engineering 
occupation code or position description for systems engineers within the Department of 
Defense (DOD).  Similarly, there is no official system engineering competency model to 
form the basis for employee selection and career development.   
To this end, NPS researched the pertinent KSAs requisite of systems engineers. 
The scope of the research project was to develop a competency model, which could be 
used to meet the mission need for a competency tool for the development of position 
descriptions/career development plans and employee selection.  




D. OBJECTIVES 	  
The objectives for the SE Competency Model project are to: 
1. Develop an approach and methodology to obtain baseline information needed for 
the Naval SE Competency Model development (knowledge, skills, abilities and 
behaviors, and related education, training, and experience needed). 
2. Define career paths for systems engineers (jobs, assignments, and timing). 
3. Design a survey to determine the competencies associated with Systems 
Engineering. 
4. Provide and administer the survey, or other data gathering tools, as identified in 
the methodology, to identified participants. 
5. Provide analysis of the survey or data gathered results. 
6. Provide quarterly written, and if requested, oral reports to DASN RDT&E 
CHSENG, on activities and accomplishments. 	  
E.  SECCM TEAM MEMBERSHIP 	  
The SE Competency Model Development Team members are listed in Table 1.  







Ann Shows DASN RDT&E CHSENG Office 
Alan Dean NSWCDD 
Ben Espe SPAWAR 
Carl Flores SPAWAR 
Mark Jones USMC 
David Toth NUWC, NWPT 





 	  	  
 	  	  	  	  	  	  	  
F. METHODOLOGY: WHAT DEFINES A “GOOD” COMPETENCY 
MODEL?  
The last thing that the world needs is yet more frameworks, so, again, the 
idea of cherry-picking different parts from different frameworks is a very 
attractive one. 
John Holt and Simon A. Perry 
A Pragmatic Guide to Competency: Tools, Frameworks and Assessment 	  
 
Prior to developing SECCM, several competency model approaches were 
explored.  Such as, the Pragmatic Guide to Competency report by Holt and Perry, the 
Career and Competency Pathing report by LaRocca, the Graduate Reference Curriculum 
for Systems Engineering (GRCSE) report by INCOSE, and The U.S. Department of 
Labor Employment and Training Administration’s (ETA) User Guide to Competency 
Models.  
The Holt and Perry Guide focuses on defining a good competency model. The 
guide concludes that a good competency model: goes through many iterations, focuses on 
John Quartuccio NAVAIR 
Mark Reinig SPAWAR 
Rick Kelly NAVAIR 
Cliff Whitcomb NPS SE & Meyer Institute 
Dan Burns NPS SE & Meyer Institute 
Barbara Berlitz NPS SE & Meyer Institute 
Mary Vizzini NPS SE & Meyer Institute 
Rabia Khan NPS SE Research Assistant 
Corina White NPS SE Research Assistant 
Table 1. SECCM Team 
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a specific aspect of competency yet is also simple and easy to understand, maps 
competencies across levels, maps levels in a way that is easy to follow and emphasizes 
technical skills (Holt and Perry, 2011).  
In addition, a good competency model serves as a platform by which individuals 
can assess their skill set (Holt and Perry, 2011). It should be stressed that alongside 
having an assessment procedure in a competency model, the competency model should 
also include a framework for validating assessments. Validation of the model is expected 
to start in FY14. Lastly, a good competency model combines skills from different sources 
to generate a complete scope (Holt and Perry, 2011).  It is noteworthy to mention that the 
NPS tool has accomplished this, using models developed by several organizations: SE 
Workforce Development NUWC, INCOSE UK, NASA, DAU SPRDE, Boeing, MITRE, 
NAVAIR and SPAWAR.  Table 2 lists the attributes of a good competency model and 












The SECCM contains an aggregate of the core technical/technical management 
and professional KSAs researched from existing competency models from the naval 
engineering enterprises previously listed.  As such, the KSAs described in the SECCM 
are those that are deemed to be vital for the development of proficient systems engineers. 
Table 2. SECCM attributes Table (adopted from 
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This also allows for the SECCM to provide a basis for a single, coherent SE competency 
model that will assist in creating position descriptions and a related SE career 
development plan designed specifically for systems engineers within the DON.  
The SECCM was envisioned to focus on the specific competencies that define 
systems engineers on a primarily technical and technical management basis. For example, 
Mission-Level Assessment, Requirements Analysis, or Architecture Design are 
technical/technical management competencies. Yet, the SECCM also includes generic 
engineering professional skills, such as Coaching and Mentoring, Communication, and 
Personal Effectiveness/Peer Interaction. Competencies, as identified in the SECCM, are 
mapped across experience and proficiency levels. The NPS research team categorized the 
KSAs using Bloom’s taxonomic classification scheme, into either the cognitive or 
affective learning domain.  Doing so allowed the research team to determine the 
proficiency and experience levels required of an individual within his/her career.  
As previously discussed, the objective of the SECCM is to be able to allow any 
DON organization to tailor position descriptions with the KSAs that are requisite of 
system engineers, for that particular organization.  This said, the model is also intended to 
be used by universities and training organizations to aid in the development of 
educational learning objectives, and to ensure that training of entry-level engineers meets 
the needs of industry. Additionally, the model can be useful as a foundation for 
developing systems engineering professional certification criteria.   
 
G. CHAPTER SUMMARY 
This chapter reviewed the evolution of the SECCM by identifying the eight 
original SE competency models used to create the model. The problem statement and 
objectives were established, and the implications for the research and products of the 
project were explained. Also provided in this chapter were the scope of the project and a 
brief methodology to introduce the objectives and goals of the research.  The following 
chapter will provide an in depth literature review and methodology to describe the overall 
project.   
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II. LITERATURE REVIEW 
The Taxonomy of Educational Objectives is a scheme for classifying 
educational goals, objectives, and, most recently, standards. It provides an 
organizational structure that gives a commonly understood meaning to 
objectives classified in one of its categories, thereby enhancing 
communication.  
David Krathwohl 
A Revision of Bloom’s Taxonomy: An Overview 
 
This chapter will focus on current literature used in the analysis. First is 
information on Bloom’s taxonomy, including what it is and how it is useful in 
competency development. Next is a summary of successful competency models.  
Bloom’s taxonomic classification scheme was created in 1956 by a group of 
educational psychologists led by Benjamin Bloom. The goal of the group was to create a 
foundation for curriculum design and to ensure that educational objectives were being 
met (Bloom et al., 1956).  According to Bloom et al., skills can be categorized as 
cognitive, affective, or psychomotor. They are learned and acquired through education, 
training, and experience (Bloom et al., 1956). Skills are a composite of abilities, 
techniques, and knowledge. They are developmental, incremental, and reference-based 
for a desired application - in this case, systems engineering (Whitcomb, Khan and White 
2013). 
Benjamin Bloom’s system of classification categorizes learning behavior into six 
levels of cognitive complexity that are cumulative and hierarchical. These levels 
differentiate three cognitive domains, i.e. learning (knowledge, i.e. how learning occurs), 
psychomotor (skills, doing, hand/body), and affective (attitudes, feelings, appreciation 
and value). Each level of the taxonomy is associated with action verbs that can be used to 
construct learning outcomes and objectives in the within the three cognitive domains.  
Krathwohl and Anderson published a revised Bloom’s taxonomic classification 
scheme update in 2001. This updated version resembles the six original classification 
categories, however Knowledge wa re-categorized as Remember, Comprehension became 
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Understand, and Synthesis was changed to Create. Figure 1 illustrates these changes 
between Bloom’s 1956 and 2001 classification schemes. 
Figure 1. Changes to Bloom’s (from Wilson 2013) 
 
Pertinent to the research by NPS, is a discussion on the methodology involving 
the use of Bloom’s taxonomy.  NPS initially used the 1956 version of Bloom’s categories 
to develop the SECCM, because it was used in GRCSE. (Note the previous discussion on 
NPS studying the GRCSE competency model). Since then, the SECCM has gone through 
several iterations. The most current iteration of the SECCM uses Krathwohl’s revision of 
Bloom’s taxonomic classification scheme. It is important to note that the NPS team 
assumed that the psychomotor is not relevant in this study because it does not apply to 
engineering. As such, the SECCM evaluates only two of the three learning domains, i.e. 
the cognitive and affective.  
The cognitive domain includes knowledge, critical thinking and the development 
of intellectual skills. Originally, the categories in the cognitive domain were arranged by 
order of complexity with the following Bloom’s levels: knowledge, comprehension, 
application, analysis, synthesis, and evaluation. Table 3 shows the cognitive domains.  
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Table 3. Bloom’s Taxonomy of Educational Outcomes- Cognitive Domain 
(From GRCSE 2011, 97-98) 





•	  Knowledge	  of	  specifics
•	  Knowledge	  of	  terminology
•	  Knowledge	  of	  specific	  facts
•	  Knowledge	  of	  ways	  and	  
means	  of	  dealing	  with	  
specifics	  (processes)
•	  Knowledge	  of	  the	  
universals	  and	  abstractions	  
Ability	  to	  remember	  previously	  learned	  
material.	  Test	  observation	  and	  recall 	  of	  
information;	  i .e.,	  “bring	  to	  mind	  the	  
appropriate	  information;”	  e.g.,	  dates,	  
events,	  places,	  knowledge	  of	  major	  ideas,	  
and	  mastery	  of	  subject	  matter.
List,	  define,	  tell,	  describe,	  
identify,	  show,	  label,	  
collect,	  examine,	  
tabulate,	  quote,	  and	  











Ability	  to	  understand	  information	  and	  
abil ity	  to	  grasp	  meaning	  of	  material	  
presented;	  e.g.,	  translate	  knowledge	  into	  
new	  context,	  interpret	  facts,	  compare,	  












n •	  Application	  of	  methods	  
and	  tools
•	  	  Use	  of	  common	  
techniques	  and	  best	  
practices
Ability	  to	  use	  learned	  material	  in	  new	  and	  
concrete	  situations;	  e.g.,	  use	  information,	  
methods,	  concepts,	  and	  theories	  to	  solve	  




illustrate,	  show,	  solve,	  




sis •	  Analysis	  of	  elements•	  	  Analysis	  of	  relationships
•	  	  Analysis	  of	  organizational	  
principles
Ability	  to	  decompose	  learned	  material	  into	  
constituent	  parts	  in	  order	  to	  understand	  
structure	  of	  the	  whole.	  This	  includes	  
seeing	  patterns,	  organization	  of	  parts,	  
recognition	  of	  hidden	  meanings,	  and	  
obviously,	  identification	  of	  parts.
Analyze,	  separate,	  order,	  
explain,	  connect,	  classify,	  
arrange,	  divide,	  compare,	  





•	  	  Production	  of	  a	  unique	  
communication
•	  	  Production	  of	  a	  plan,	  or	  
proposed	  set	  of	  operations
•	  	  Derivation	  of	  a	  set	  of	  
abstract	  relations
Ability	  to	  put	  parts	  together	  to	  form	  a	  new	  
whole.	  This	  involves	  the	  use	  of	  existing	  
ideas	  to	  create	  new	  ones,	  generalizing	  
from	  facts,	  relating	  knowledge	  from	  
several	  areas,	  and	  predicting	  and	  drawing	  
conclusions.	  It	  may	  also	  involve	  the	  
adaptation	  of	  “general”	  solution	  




substitute,	  plan,	  create,	  







ion •	  	  Judgements	  in	  terms	  of	  
internal	  evidence
•	  	  Judgments	  in	  terms	  of	  
external	  criteria
Ability	  to	  pass	  judgment	  on	  value	  of	  
material	  within	  a	  given	  context	  or	  
purpose.	  This	  involves	  making	  
comparisons	  and	  discriminating	  between	  
ideas,	  assessing	  the	  value	  of	  theories,	  
making	  choices	  based	  on	  reasoned	  
arguments,	  verifying	  the	  value	  of	  evidence,	  
and	  recognizing	  subjectivity.
award,	  choose,	  conclude,	  
criticize,	  decide,	  defend,	  
determine,	  dispute,	  
evaluate,	  judge,	  justify,	  
measure,	  compare,	  mark,	  
rate,	  recommend,	  rule	  on,	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The affective domain has to do with emotions, feelings and attitudes. Objectives 
describe growth in awareness, attitude, emotion, changes in interest, judgment and the 
development of appreciation. Table 5 shows the affective domains. While most educators 
do not include the affective domain in their curriculum, (i.e., the domain is completely 
absent from the DAU SPRDE curriculum) these outcomes are especially critical to the 
success of systems engineers because it is important to communicate well and work 
cohesively as part of a team (Hudson 2013). 
 
 
Table 4. Bloom’s Taxonomy of Educational Outcomes- Affective Domain 
 (From GRCSE 2011, 97-98) 






•	  Willingness	  to	  receive
•	  Controlled	  or	  selected	  
attention
The	  learner	  is	  aware	  of	  stimuli	  
and	  is	  will ing	  to	  attend	  to	  
them.	  The	  learner	  may	  be	  able	  
to	  control	  attention	  to	  the	  
stimuli.
Focuses	  on	  and	  is	  aware	  of	  
aesthetics,	  focuses	  on	  human	  
values,	  is	  alert	  to	  desirable	  






ng •	  Acquiescence	  in	  
responding
•	  Willingness	  to	  respond
•	  Satisfaction	  in	  response
The	  learner	  makes	  a	  conscious	  
response	  to	  the	  stimuli	  related	  
to	  the	  aesthetic	  or	  quality.	  At	  
this	  level	  the	  learner	  expresses	  
an	  interest	  in	  the	  aesthetic	  
things.
Demonstrates	  willing	  compliance	  
and	  obedience	  to	  regulations	  and	  
rules,	  seeks	  broad-­‐based	  
information	  to	  act	  upon,	  and	  
accepts	  responsibility	  and	  





g •	  	  Acceptance	  of	  a	  value
•	  Preference	  for	  a	  value
•	  	  Commitment
The	  learner	  recognizes	  worth	  in	  
the	  subject	  matter.
Continuing	  desire	  to	  achieve,	  
assumes	  responsibility	  for,	  seeks	  to	  
form	  a	  view	  on	  controversial	  
matters,	  devotion	  to	  principles,	  and	  







•	  	  Conceptualizatin	  of	  a	  value
•	  	  Organizationof	  a	  value	  
system
The	  learner	  is	  able	  to	  organize	  
a	  number	  of	  values	  into	  a	  
system	  of	  values	  and	  can	  
determine	  the	  inter-­‐
relationships	  of	  the	  values.
Identifies	  characteristics	  of	  an	  
aesthetic,	  forms	  value-­‐based	  










•	  	  Generalilzed	  set
•	  	  Characterization
The	  learner	  acts	  consistently	  
with	  the	  systems	  of	  attitudes	  
and	  values	  they	  have	  
developed.	  The	  values	  and	  
views	  are	  integrated	  into	  a	  
coherent	  worldview.
Readiness	  to	  revise	  judgment	  in	  
light	  of	  evidence,	  judges	  problems	  
and	  issues	  on	  their	  merit	  (not	  
recited	  positions),	  and	  develops	  a	  
consistent	  philosophy	  of	  life.
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Systems engineers lead systems projects, negotiate outcomes with a diverse group 
of stakeholders, make value judgments and must have the ability to deliberately take the 
systems perspective (GRCSE 2011, 95). Leading, negotiating, and having sound 
judgment are all affective outcomes. The five levels of the affective domain are arranged 
by order of complexity as follows:  Receiving, Responding, Valuing, Organization and 
Characterization. Table 4 shows the affective domains.  The cognitive and affective 
skills are mapped to proficiencies within the competencies based on the key words used 
which correlate to a specific cognitive or affective category.  For example, if a KSA says 
“Analyze sponsor/customer information for the development of acquisition plans” the 
verb “analyze” corresponds to the higher-level cognitive domain (as shown in Figure 2). 
 
	  
Figure 2. Krathwohl's Bloom's Taxonomy Update - Cognitive Domain (from Florida 
International University's Assessment Handbook) 
 
A. EXISTING COMPETENCY MODELES SERVE AS A 
FOUNDATION 
 
As discussed previously, the Holt and Perry Guide focuses on what defining a 
good competency model. The Hold and Perry Guide concludes that a good competency 
model goes through many iterations, focuses on a specific aspect of competency (but is 
easy to understand), maps competencies across levels, keeps a small number of levels, 
maps levels clearly and emphasizes technical skills (Holt and Perry, 2011).  
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1. SE Workforce Development Naval Underwater Warfare Center 
(NUWC) Competency Model  
The purpose of the NUWC SE workforce competency model is to clearly 
articulate and establish competencies pertinent to the NUWC SE workforce. With twenty-
eight competencies, six experience levels and 689 KSAs, this competency model displays 
a series of steps that are used in sequence to derive requirements and then transform those 
into solutions. The model is written in such a manner that it is intended to be used 
without the size or complexity of the problem being an issue (Walter, 2013). The goal for 
the NUWC competency model is to provide a tool for the SE workforce use a guide to 
ensure that the program execution is correct from the beginning, and that problems are 
addressed early. If used correctly, it could aid in minimizing risk and reducing costs. The 
model clearly identifies the KSAs, attributes and performance expected of a SE at 
specified career experience levels. However, there is no explanation of where or how 
these KSAs can be obtained. 
2. International Council on Systems Engineering (INCOSE) United 
Kingdom (UK) Competency Model  
The INCOSE competency model was developed by a working group of SEs from 
over ten different organizations. It is a framework for generic purposes and is organized 
in a way that is easy to tailor for specific purposes. The model’s foundation is built on 
official system engineering standards, and it focuses primarily on technical SE 
competencies. The INCOSE competency model has twenty-one competencies, four 
experience levels and 273 KSAs. Similar to other SE Competency models, the INCOSE 
model identifies key competencies in SE, introduces supporting techniques, identifies 
basic skills and behaviors and describes the domain knowledge required (UK, INCOSE 
n.d.). 
3. MITRE Competency Model  
Similar to the SECCM’s methodology, the MITRE competency model takes a 
government view and approach to systems engineering. The MITRE model is composed 
of forty-one competencies and 1,262 KSAs. This comprehensive model identifies all of 
the competencies needed to fulfill a particular role in the SE process. For example, 
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Systems Engineering Planning (Transformational Planning, Government Acquisition 
Support, Contractor Evaluation, Risk Management, Configuration Management, 
Integrated Logistics Support, Q&A Measurement and Continuous Process Improvement) 
and the Management or Systems Engineering Life Cycle (Concept of Operation, 
Requirements, Architecture, System Design, Systems Integration, Test and Evaluation, 
Systems Implementation, O&M and Transition) are examples of the competencies 
MITRE identified that fulfill a specific role in the SE process. This approach to 
competency modeling is more useful in developing individuals and teams for a wide 
range of system engineering jobs.  It is noteworthy to mention that within the SECCM, 
the non-technical competencies were extracted from the MITRE Institute Leadership and 
Management Competency models.  
4. DAU SPRDE Learning Objectives 
Using a competency-based model, DAU used Bloom’s taxonomy to provide the 
framework for course development (Layton, 2007). DAU used three levels of categories 
to describe competencies: Level I, II and III. Level I certifications were structured to 
reflect basic knowledge, Level II built on that basic knowledge (introducing practical 
application and small group scenarios), and Level III certifications were aimed to develop 
synthesis and evaluation abilities. The 112 course learning/performance objectives 
(CL/PO) and 542 educational learning objectives (ELO) were categorized according to 
the GRCSE version of Bloom’s taxonomic classification scheme. None of the data fell 
into the affective domain. Hence, all CL/POs and ELOs were categorized into the 
cognitive domain as Knowledge, Comprehension, Application, Analysis, Synthesis or 
Evaluation. 
B. ADDITIONAL SE COMPETENCY REFRENCES 	  
Below is a “quick-reference” guide to other competency models not included in 
the development of the SECCM framework. 
1. Towards a 4-D Systems Engineering Cognitive Competency Model  
Frank’s model used 12 existing competency models as a foundation to build a 4-D 
SE Cognitive Competency Model. The model reveals that most of the SE competencies 
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consist of areas such as knowledge, experience, proficiency level, skills, abilities, 
technical specialties, attributes, behavioral competencies and systems thinking (Frank, 
2014). 
2. Specifications or Traits for an ideal Systems Engineer 
Hall’s identification of the “ideal systems engineer” specifications or traits are 
grouped in several areas (Hall, 1962).  These areas include the ability to see the big 
picture, objectivity, creativity, and the ability to express positive attributes of leadership 
and tact diplomacy. The list also includes the traits of having the gift of expression, 
possessing graduate training in the relevant field of interest and having had courses in 
probability and statistics, philosophy, economics, psychology, and language.   
3. Capacity for Engineering Systems Thinking (CEST) 
Frank (2006) identified eighty-three competencies of successful engineers, which 
he aggregated to thirty-four competencies and classified into 15 cognitive competencies, 
9 skills/abilities, 7 behavioral competencies and 3 knowledge and experience related 
levels. 
4. Systems Thinking Enablers 
According to David and Nightingale (2008), the primary mechanisms that enable 
systems thinking development include experiential learning, certain individual 
characteristics and a supporting environment. 
5. Whole-Brain Thinking 
Di-Carlo and Khoshnevis (2006) believe the competencies of successful system 
architects include communication skills, high tolerance for ambiguity, the ability to make 
good associations of ideas, the ability to work consistently at an abstract level, and 
leadership. One should also seek multiple solutions, have the ability to build teams, [and 
have] charisma, the ability to read people well, self-discipline, self-confidence, a locus of 
control, a sense of faith and vision, curiosity, enthusiasm, reliable scientific knowledge 
and experience, openness to new ideas and technical expertise and enormous peripheral 
knowledge to be exposed to vastly different modes of thinking. 
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6. Advancing the Practice of Systems Engineering at JPL 
Jasma and Jones (2006) developed a systems engineering competency model 
along three axes that includes processes, personal behaviors and technical knowledge.  
The technical knowledge axis encompasses twenty-one engineering disciplines and fields.  
Jasma and Jones (2006) state that personal behaviors fall into five clusters, including: 
leadership skills, attitudes/attributes, communication, problem solving and systems 
thinking/technical acumen.   
The processes axis encompasses nine systems engineering functions. These 
functions include the ability to develop the system architecture, develop and maintain 
requirements and interfaces, manage and allocate technical resources, analyze and 
characterize the system design, mitigate risks, organize technical peer reviews, manage 
the design process, manage the systems engineering task. 
7. Characteristics of the Ideal Systems Engineer 
According to Burk (2008), the characteristics of the ideal systems engineer are:  to 
maintain a systems outlook, customer/user/consumer orientation, inquisitiveness, 
intuition, discipline, communication and cooperation. 
8. The Maturity Model Framework 
The maturity model is a 2-D model that defines the knowledge and ability levels 
required to perform work successfully.  The horizontal dimension provides a way to 
measure the skill of the person in each area of the vertical dimension.  The ability refers 
to how well a person is required to perform.  It is a combination of aptitude, experience 
and training. The framework covers systems engineers throughout their career 
development (Kasser, Hitchins and Huynh, 2009). 
9. A Systems Engineering Competency Taxonomy 
Squires et al. (2011) built a systems engineering competency taxonomy from a 
selected set of existing competency models combined with systems thinking research.  
The final competency model includes 87 competencies a proficiency table based on the 
learners level of self-assessed and demonstrated ability.  The authors combined the 
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SPRDE and Program Systems Engineer (PSE) Competency Model, the Systems 
Engineering Research Center (SERC) Technical Lead Competency Model and the 
Critical/Systems Thinking Competency Model. 
10. Generic Competency Model (GCM) 
Armstrong et al., (2011) have presented the competencies required for successful 
acquisition of large, highly complex systems of systems.  Their list of competencies is 
divided into foundations, technical/management and life cycle with an emphasis on 11 
critical competencies, including: communication, influence and negotiation, systems 
thinking, functional analysis, architecting and design, integration, verification, validation, 
security, planning and governance. 
11. MITRE Systems Engineering Competency Model 
The MITRE model consists of 36 competencies organized into five sections, 
including the following: enterprise perspectives, systems engineering life cycle, systems 
engineering planning and management, systems engineering technical specialties and 
collaboration and individual characteristics.  Each competency in the model consists of a 
set of job-related key actions, which describe a set of related behaviors.  Each behavior 
describes a specific, observable action.  The key actions and behaviors are shown in three 
proficiency level columns. 
12. NASA Competency Model 
NASA identified 35 SE competencies to include concepts and architecture, 
system design, production/product transition/operations, technical management, project 
management and control, internal and external environments, human capital management, 
security/safety and mission assurance, professional and leadership development, and 
knowledge management. 
C. SE COMPETENCY MODEL DEVELOPMENT 
 
In an effort to meet the needs of the Naval System Command to identify the 
KSAs required to be a competent systems engineer at various career experience levels, 
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NPS identified the KSAs across a series of systems engineering domains. Several 
competency models were used to verify the SECCM in an effort to combine skills from 
different sources to generate a complete scope of SE KSA. The team identified eight SE 
competency models to determine the potential SE competencies for the Navy and 
organized the elements based on their similarities. The eight SE competency models 
include: NUWC, INCOSE UK, NAVAIR, SPAWAR, Boeing, NASA, MITRE and 
SPRDE. Collectively, these competency models created the 32 competencies in the 
SECCM. Of these, 29 were identical to the original SPRDE competencies. Figure 3 is an 














Figure 3. Competency Sources used in SECCM 
 
 
The next step in developing the SECCM was to identify the KSAs associated with 
the 32 identified SE competencies. However, only three of these models (NUWC, 
INCOSE UK and MITRE) were used to derive the KSAs for the SECCM.  Additionally, 
the DAU SPRDE Level I, II, and III course learning objectives were transformed into 
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KSAs and added to the SECCM. Each entry from the four competency models was 
analyzed and re-organized based on the similarity of the competency definition for that 
particular KSA. The KSAs were then re-aligned to fit the SECCM by first eliminating 
duplication, then eliminating items that didn’t seem explicitly defined as a relevant SE 
competency, and lastly by re-organizing into the appropriate competency. Unique 
identifiers were given to each of the KSA entries to provide traceability to any changed 
or deleted entries back to the original source of the KSA. Figure 4 shows the models used 















Figure 4. KSA sources used in SECCM 	  	  	  
1. Addressing Technical and Professional Skills 	  
The SECCM at this point is meeting most of the requirements, however there are 
both technical and professional competencies in the model.  There are two “schools of 
thought” on having both technical and professional competencies within a competency 
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model.  Some would argue that it is “best practice” to incorporate them both.  While 
others ask, are the KSA’s aligned to the professional competencies things that are only 
specific for SE?  If not, then why incorporate them.  The NPS team decided to split up the 
model into two separate models in an effort to make it easier for an organization to tailor 
the model to meet their needs.  The technical skills competency model has 25 
competencies, 2,257 KSA’s and 3 notional skill levels.  The professional skills 
competency model has 6 competencies, 532 KSA’s and 3 notional skill levels. 
 
 
2. Incorporating DAU SPRDE CL/POs & ELOs 
A total of 654 Course Learning/ Performance Objectives and Enabling Learning 
Objects for seven DAU SPRDE-SE Level III required courses were identified. These 
CL/POs and ELOs were then defined as KSAs and added to the SECCM.  These new 
KSA’s were also mapped to competencies in the SECCM and to the GRCSE Bloom’s 
levels. The number of CL/POs in each competency of the SECCM is shown in Figure 5. 
 
Incorporation of the DAU CL/POs and ELOs into the NPS SE Competency 
Model required considerable manipulation.  First, the new KSAs were reworded to 
incorporate the same Bloom’s/ GRCSE verbs that are used in the rest of the SECCM. Six 
duplicates were discovered and discarded. Next, KSAs associated with the professional 
competencies (Competencies 24.0, 26.0, 27.0, 28.0, 29.0 and 31.0) partitioned into a 
separate model from the model. The Team then agreed that 35. 0 (Domain Specialization) 
should be discarded, as it didn’t apply explicitly to systems engineering. That removed 
another 10 DAU KSAs as well as one KSA from version 2 of the NPS SE Competency 
Model. A total of 607 DAU KSAs and three competencies (32.0 Financial Management, 
33.0 Contracting and 34.0 Facilities Engineering) were ultimately added to the SECCM.  
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Figure 5. Number of SAU SPRDE-SE CL/POs in each Systems Engineering Competency 
(Alexander 2013) 	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Although each of the models previously discussed serve a similar purpose (i.e. to 
highlight competencies pertinent to the field of engineering), they are “packaged” in a 
way that tailors to the authoring organization. Some models combined SE competencies 
with generic engineering competencies. Therefore, NPS researched several different 
formatting styles to incorporate the SECCM into, including Excel tables, Adobe reports 
and PowerPoint presentations.  
With the objectives of the potential uses of the competency model in mind, the NPS 
research team decided to use an Excel spreadsheet to develop the framework into. As 
such, the SECCM is organized in columns, with headings that include the SECCM 
competency, the corresponding KSA, the cognitive/affective domain level, the 
Proficiency level and finally the Experience level (as shown in Figure 6).  Each KSA was 
entered into an individual row and mapped to an appropriate competency.  The 
spreadsheet has the ability to be filtered on any competency, KSA, Proficiency level, 
Experience level or cognitive/affective Domain level.   
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D. METHODOLOGY 	  
1. Competency Classification Verification Process 	  
The competency classification verification process was achieved by mapping 
KSA to proficiencies within the competencies using key words from Bloom’s taxonomy, 
and then correlating the KSA to a specific cognitive or affective category found within 
Bloom’s taxonomic scheme. Specifically, the NPS team used the version of Bloom’s 
Taxonomy by Krathwohl as shown in Figure 7. This rating and mapping methodology 








Figure 7. Krathwohl’s Update of Bloom’s Taxonomy (from MMI, 2014) 
 
 
   The significance of using Bloom’s taxonomic classification scheme is that in 
research, how engineering students learn is often categorized using Bloom’s taxonomy. 
For instance, engineering education involves learning objectives, which are typically 
organized around Bloom’s taxonomy of cognitive and affective processes. Cognitive and 
affective processes within Bloom’s taxonomy refer to levels of observable actions which 
indicate learning is occurring. The cognitive domain involves knowledge and the 
development of intellectual skills, whereas the affective domain deals with the 
motivations and attitudes involved in learning.  
The NPS team then mapped the competencies across proficiency levels in an 
effort to create a foundation for SE career development within the DON. Each of the 
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KSAs were mapped to one of three specific career levels designated as SE-01 Entry 
Level, SE-02 Journey Level or SE-03 Expert Level, as shown in Figure 8.  	  
	  
Figure 8. SECCM Career Development Levels 	  	  
As an illustration of the notional career stages used in the SECCM, examples of 
the career levels are provided below: 
• SE-1 Entry Level (0-3 years of work experience) 
Able to understand the key issues and their implications.  They are able to ask 
relevant and constructive questions on the subject.  This level requires an 
understanding of the Systems Engineering role within the enterprise. 
Example:  New hires that are in an engineering career development program, 
typically able to be completed in 3 years. 
 
• SE-2 Journey Level (3-10 years of work experience) 
Displays an understanding of the subject but may require minimal guidance and with 
proper training and opportunity will be able to provide guidance and advice to others. 
Example:  GS-12 engineers that are working in systems engineering. 
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Contains extensive and substantial practical experience and applied knowledge of the 
subject. 
Bloom’s Taxonomy provides hierarchical outcome categories or levels that range 
from simple to complex thought processes. Once the Bloom’s level for each KSA was 
identified, the KSAs in each competency were divided into the three career levels by 
assigning the KSAs with lower Bloom’s level ratings to the SE-1 Entry Level, the KSAs 
with intermediate Bloom’s level ratings to SE-2 Journey Level and the KSAs with higher 
Bloom’s level ratings to the SE-3 Expert Level. Thus, skills, abilities and behaviors were 
combined with knowledge to form the basis for determining how well someone can 
perform as a systems engineer.	  This is just a starting point, as the NPS team contends that 
the assignment of various KSAs to different Bloom’s levels can be conducted by any 
organization in its personal implementation of the SECCM as a skill development tool.  
Table 9 illustrates the grouping (by color) and categorization of experience levels for 
each of the four SE competency models used in the design of the SECCM. 
 
Model	   Experience	  Levels	   Naval	  SE	  Experience	  Level	  
INCOSE	   AWARENESS	   SE-­‐1	  ENTRY	  LEVEL	  
MITRE	   Foundational	  Behaviors	   SE-­‐1	  ENTRY	  LEVEL	  
SE	  Workforce	  Development	  NUWC	   ND-­‐2	  Entry	  Level	   SE-­‐1	  ENTRY	  LEVEL	  
MITRE	   Intermediate	  Behaviors	   SE-­‐2	  JOURNEY	  LEVEL	  
SE	  Workforce	  Development	  NUWC	   ND-­‐3	  Intermediate	  Level	   SE-­‐2	  JOURNEY	  LEVEL	  
SE	  Workforce	  Development	  NUWC	   ND-­‐4	  Journey	  Level	   SE-­‐2	  JOURNEY	  LEVEL	  
INCOSE	   SUPERVISED	  PRACTITIONER	   SE-­‐2	  JOURNEY	  LEVEL	  
INCOSE	   PRACTITIONER	   SE-­‐2	  JOURNEY	  LEVEL	  
INCOSE	   EXPERT	   SE-­‐3	  EXPERT	  LEVEL	  
MITRE	   Expert	  Behaviors	   SE-­‐3	  EXPERT	  LEVEL	  
SE	  Workforce	  Development	  NUWC	   ND-­‐5	  Expert	  Level	   SE-­‐3	  EXPERT	  LEVEL	  
SE	  Workforce	  Development	  NUWC	   ND-­‐6	  Executive	  Level	   SE-­‐3	  EXPERT	  LEVEL	  	  	  
 
2. Competency Classification into Proficiency and Experience Levels 
The competencies were also categorized as to whether they would be developed 
during Education, Training, or On the Job Experience. An example of the model’s by 
product showing the KSAs required for Competency 11.0 Tools and Techniques, is 
illustrated in Table 10. This step was important in the analysis because it would provide 
Table 5. Naval SE Experience Levels and Source 
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an initial mapping to assist organizations in designing SE career development plans and 
provide undergraduate and graduate SE programs a baseline that identifies the KSAs 
employers expect SEs to have obtained from their various educational and training 
programs. This information could be used to ensure SE educational programs learning 
objectives meet the requirements of the workforce.  When referencing the SECCM’s 
competency KSA count tables, it should be noted that each KSA is counted only once, as 
noted by the “x” marks. This allows one to quickly visualize and assess the domain and 
level at which the skill is needed/acquired. This method also ensures that each KSA is 
unique in placement. It should also be noted that the assignment of the competency 

























Table 6. SECCM: Competency 11.0 Tools and 
Techniques Education, Training and On the Job 
Experience Entry Career Level Example 
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The potential sources of learning were partitioned into categories where the most 
appropriate learning and assessment is expected to take place. Training was defined as 
learning that is applied to the narrow context in which the task is accomplished. 
Education was much broader and focused on learning concepts and not as much on the 
concrete accomplishment of specific tasks. Finally, the tasks categorized in Education 
were deemed to be “authentic,” covering learning that can be transferred into many 
different contexts. On the job experience was defined to be very explicit to the 
accomplishment of a task within a specific way that an organization desires it to be 
completed in a real situation.  This iterative mapping and categorization process lead to 
the final [FY13 SECCM] model with 2,601 KSAs and 32 competencies.  A complete list 
of the 32 competencies of the SECCM is provided in Table 11. 
 
SE Competency 
1.0 TECHNICAL BASIS FOR COST 
2.0 MODELING & SIMULATION 
3.0 SAFETY ASSURANCE 
4.0 STAKEHOLDER REQUIREMENTS DEFINITION 
5.0 REQUIREMENTS ANALYSIS 






12.0 SYSTEM ASSURANCE 
13.0 RAM 
14.0 DECISION ANALYSIS 
15.0 TECHNICAL PLANNING 
16.0 TECHNICAL ASSESSMENT 
17.0 CONFIGURATION MANAGEMENT 
18.0 REQUIREMENTS MANAGEMENT 
19.0 RISK MANAGEMENT 
20.0 TECHNICAL DATA MANAGEMENT 
21.0 INTERFACE MANAGEMENT 
22.0 SOFTWARE ENGINEERING 
23.0 ACQUISITION 
24.0 SYSTEMS ENGINEERING LEADERSHIP 
25.0 SYSTEM OF SYSTEMS 
26.0 COMMUNICATION 
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III. USING OSD SPRDE SE COMPETENCY MODEL AS A 
FOUNDATION 
A. OSD SPRDE SE Competency Model 
 
OSD, in conjunction with DAU, INCOSE, NDIA, several academic institutions, 
defense industry representatives, and Federally Funded Research and Development 
Centers (FFRDC) defined a series of systems engineering competencies, and a subset of 
these competencies for the SPRDE career field (Lasley-Hunter et al., 2011). The SPRDE 
model is defined through 29 competencies with 45 elements, Table 12. 
 
 
Competency  Name Element  Definition 
1 Technical Basis 
for Cost 
Element 1 Provide technical basis for comprehensive cost estimates and 
program budgets that reflect program phase requirements and best 
practices using knowledge of cost drivers, risk factors, and historical 
documentation (e.g. hardware, operational software, lab/support 
software). 
2 Modeling and 
Simulation 
Element 2 Develop, use, and/or interpret modeling or simulation in support of 
systems acquisition. 
3 Safety Assurance Element 3 Review Safety Assurance artifacts to determine if the necessary SE 
design goals and requirements were met for: Safe For Intended Use 
(SFIU), warfighter survivability, user safety, software safety, 
environmental safety, Programmatic Environmental, Safety and 




Element 4 Work with the user to establish and refine operational needs, 
attributes, performance parameters, and constraints that flow from 
the stakeholder described capabilities, and ensure all relevant 
requirements and design considerations are addressed. 
5 Requirements 
Analysis 
Element 5 Ensure the requirements derived from the stakeholder-designated 
capabilities are analyzed, decomposed, functionally detailed across 
the entire system, feasible and effective. 
6 Architecture 
Design 
Element 6 Translate requirements into alternative design solutions.  The 
alternative design solutions include hardware, software, and human 
elements; their enabling processes; and related internal and external 
interfaces. 
27.0 PROBLEM SOLVING 
28.0 STRATEGIC THINKING 
29.0 PROFESSIONAL ETHICS 
30.0 COLLABORATION & INDIVIDUAL CHARACTERISTICS 
31.0 CONTRACT MANAGEMENT 
32.0 SYSTEMS THINKING 
Table 7. SECCM Competency List 
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6 Architecture 
Design 
Element 7 Track and manage design considerations (boundaries, interfaces, 
standards, available production process capabilities, performance and 








Element 9 Conduct walkthroughs with stakeholders to ensure that requirements 
will be met and will deliver planned systems outcomes under all 
combinations of design usage environments throughout the 
operational life of a system. 
7 Implementation Element 10 Manage the design requirements and plan for corrective action for 
any discovered hardware, software, and human deficiencies 
8 Integration Element 11 Manage the technical issues that arise as a result of the integration 
processes that feed back into the design solution for the refinement of 
the design. 
9 Verification Element 12 Design and implement a testing process to compare a system against 
required system capabilities, to link Modeling and Simulation 
(M&S), Developmental Test and Evaluation (DT&E) and 
Operational Test and Evaluation (OT&E) together, in order to 
document system capabilities, limitations, and risks. 
9 Verification Element 13 Verify the system elements against their defined requirements (build-
to specifications). 
10 Validation Element 14 Evaluate the operational need, operational environment, 
requirements, functional and physical architectures, and the 
implementation to determine the right solution for the problem. 
11 Transition Element 15 Advance the system elements to the next level in the physical 
architecture or provide the end item to the user after ensuring 
integration with other systems and interface management, both 
internal and external, for use in the operational environment. 
12 System 
Assurance 
Element 16 Apply and execute the appropriate systems engineering, software 
assurance, and certification-related policies, principles, and practices 
across all levels and phases of an acquisition program to increase the 
level of confidence that a system functions as intended, is free from 





Element 17 Manage the contributions to system RAM that are made by 





Element 18 Evaluate the RAM of systems, including the following: Maintenance 
Engineering/Sustaining Engineering review and assessment; 
considerations of different use environments, operators, and 




Element 19 Employ procedures, methods, and tools for identifying, representing, 
and formally assessing the important aspects of alternative decisions 
(options) to select an optimum (i.e., the best possible) decision. 
15 Technical 
Planning 
Element 20 Address the scope of the technical effort required to develop, field, 




Element 21 Develop and/or use Technical Assessment metrics (i.e., Technical 
Performance Measures, Measures of Effectiveness, requirements 
compliance, and risk assessments) to measure technical progress, 
review life-cycle costs, and assess the effectiveness of plans and 
requirements. 
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17 Configuration 
Management 
Element 22 Apply practices to establish and maintain consistency of a product or 
system’s attributes with its requirements and evolving technical 
baseline over its life-cycle.  
18 Requirements 
Management 
Element 23 Manage requirements to trace back to user-defined capabilities and 
other sources of requirements, and to document all changes and the 
rationale for those changes. 
19 Risk 
Management 
Element 24 Create and implement a Risk Management Plan encompassing risk 
identification, analysis, mitigation planning, mitigation plan 




Element 25 Apply risk management at the earliest stages of program planning 
and continue throughout the total life cycle of the program through 
the identification of risk drivers, dependencies, root causes, and 
consequence management. 
20 Technical Data 
Management 
Element 26 Apply policies, procedures and information technology to plan for, 
acquire, access, manage, protect, and use data of a technical nature to 
support the total life cycle of the system. 
21 Interface 
Management 
Element 27 Ensure interface definition and compliance among the elements that 
SECCM the system, as well as with other systems with which the 
system or system elements will interoperate (i.e., system-of-systems 
(SoS)) by implementing interface management control measures to 
ensure all internal and external interface requirement changes are 
properly documented in accordance with the configuration 




Element 28 Evaluate how interface management techniques ensure that all 
internal and external interface changes in requirements are properly 




Element 29 Use quantitative methods to assess and track software development 
progress against a baseline (planned vs. actual) and provide status 
updates in order to make timely program decisions. 
22 Software 
Engineering 
Element 30 Integrate essential acquisition and sustainment activities related to 
software through the use of multidisciplinary teams to optimize 
design, manufacturing, and supportability processes. 
22 Software 
Engineering 
Element 31 Determine software-related considerations and risks that must be 
addressed as part of the system acquisition strategy. 
22 Software 
Engineering 
Element 32 Evaluate inputs from relevant stakeholders that translate into 
functional and technical requirements that are documented, managed, 
traceable and verifiable through the software life-cycle process and 
describe the desired behavior of the software system to be built to 
satisfy the intended user(s). 
22 Software 
Engineering 
Element 33 Understand the software structure of the system, including the 
definition of software components, and the relationships between 
software components, the system, and the operational architectures. 
23 Acquisition Element 34 Determine the appropriate amount of systems engineering and the 
resources needed during each acquisition phase to achieve acceptable 
levels of risk for entry into the next acquisition phase. 
23 Acquisition Element 35 Assess the proposed solution’s operational viability and costs of 
alternative systems during the early concept design stage, taking into 
account the design considerations to achieve a balanced system 
design. 
23 Acquisition Element 36 Throughout the system development life cycle, integrate proven 
technologies, develop new hardware/software prototypes, evaluate 
solutions, and determine performance requirements to ensure that the 
cost, schedule, and other constraints are met and that risks are 
reduced. 
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23 Acquisition Element 37 Integrate hardware, software, and human systems, protect critical 
program information, ensure safety and affordability, and reduce 
manufacturing risks to demonstrate supportability and 
interoperability within incremental stages of system development. 
23 Acquisition Element 38 Assess changes in the design of manufacturing processes, and apply 
continuous testing and evaluation practices during system realization 
to reveal manufacturing and production problems and ensure 
continuous enhancements to the product. 
23 Acquisition Element 39 Plan the system logistic manpower needs and support plans for the 




Element 40 Lead teams by providing proactive technical direction and motivation 
to ensure the proper application of systems engineering methods and 
tools and be the guarantor of system success through the use of 
appropriate management methods. 
25 System of 
Systems 
Element 41 Oversee the planning, analyzing, organizing, and integrating the 
capabilities of a mix of existing and new systems into an SoS 
capability greater than the sum of the capabilities of the constituent 
parts. SoS engineering is an activity that spans the entire system’s 
life cycle. 
26 Communication Element 42 Communicate technical and complex concepts in a clear and 
organized manner, both verbally and in writing, to inform and 
persuade others to adopt and act on specific ideas. 
27 Problem Solving Element 43 Make recommendations using technical knowledge and experience, 
developing a clear understanding of the system, identifying and 
analyzing problems using systems thinking, weighing the relevance 
and accuracy of information, accounting for interdependencies, and 
evaluating alternative solutions. 
28 Strategic 
Thinking 
Element 44 Formulate and ensure the fulfillment of objectives, priorities, and 
plans consistent with the long-term business and competitive 
interests of the organization in a global environment. 
29 Professional 
Ethics 
Element 45 Maintain strict compliance to governing ethics and standards of 
conduct in engineering and business practices to ensure integrity 
across the acquisition life-cycle. 
 
 
B. The Naval Systems Engineering Stakeholders Group’s Desired 
Proficiencies for the SE Workforce: The Results of the CDIO Initiated 
Survey 
 
The SESG, consisting of the chief systems engineers and their respective systems 
engineering representatives from the six naval system commands, sponsored a survey of 
their systems engineers. This survey was conducted to determine levels of proficiency 
desired in the areas identified in the CDIO syllabus [Niewoehner, 2011]. The results of 
the survey are shown in Figure 9. 
 
Table 8. NDIA Working Group Systems Engineering Competency Model 
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Figure 9. Results Summary of the SESG Supported CDIO Survey of the Six Naval System 
Commands (from Niewoeher, 2011) 	  
 
The survey measured systems engineers’ responses to levels of desired 
proficiency for new hires and mid-career engineers with respect to categories of the 
CDIO syllabus.  In other words, systems engineers were asked, “At what levels of 
proficiency is it expected that a hired SE perform?” The levels of proficiency defined 
ranged from a low of contribute to the process all the way through the ability to lead and 
innovate. The importance of addressing the skills not necessarily related to any specific 
engineering discipline per se, i.e., the ability to communicate, have professional skills (a 
sense of ethics, equity, and other responsibilities), personal skills (productive attitudes, 
the ability to think and learn), and to work on a team, are highly valued for new hire 
engineers, and continue to be some of the most important skills for mid-career engineers. 
Notable as well is that the skills related to disciplinary engineering (as opposed to the 
professional and personal skills) are at a lower level of expected knowledge in new hires, 
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who typically have bachelor's degrees, and that by mid-career, engineers are expected to 
improve proficiency across the board in all areas.  
 
C. OSD SPRDE SE Competency Survey 
 
OSD, in conjunction with the Center for Naval Analyses (CNA), performed a 
survey of the SPRDE workforce against the 29 competencies [Lasley-Hunter, 2011]. One 
result of the survey is shown in Figure 4, where the proficiency and mission criticality for 
the SPRDE workforce are plotted for the various competencies.  Of particular interest are 
the placement of (1) communication, (2) ethics, and (3) problem solving, which are 
similar to the SESG CDIO survey outcome, in that the professional skills related to 
ethics, communications, and problem solving are simultaneously highly mission critical 
and are desired at a high level of proficiency. In line with the context of systems 
engineering ability from the CDIO syllabus, the OSD Survey results depicted here 
validate NPS’s focus on aspects of developing professional, critical thinking, and 
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Figure 10. OSD CAN Survey of the SPRDE Workforce, with Mission Criticality versus the 
Proficiency Desired for the 29 Systems Engineering Competencies (after AT&L HCI, 2011) 	  
 
 
D. Role of Education in Competency Development 
 
Education has two main goals for learning, to promote both retention and transfer. 
Retention is just the ability to remember material at some later time, generally in the 
same form as it was delivered. Transfer is the ability to use and make sense of what was 
learned and apply it to new situations, to solve problems, to answer questions, or to 
facilitate further learning. 
 
A focus on meaningful learning is based on the concept of knowledge 
construction, where learners seek to make sense of their experiences, including both prior 
knowledge and experience, and presented learning experiences. In constructivist learning, 
learners pay attention to incoming information, mentally organize it into coherent 
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representations, and mentally integrate it with their existing knowledge. In contrast, rote 
learning is viewed as knowledge acquisition, where learners add new information to the 
existing memory. The two major components in problem solving are problem 
representation - building a mental model of the problem - and problem solution - devising 
and carrying out a plan to solve the problem. This means that we must go beyond the 
simple presentation of factual knowledge and assessment through recall and recognition - 
and go beyond simple "Remember" to "Understand", "Apply", "Analyze", "Evaluate", 
and "Create". 
 
Current conceptions of learning focus on the active, cognitive, and constructive 
processes involved in meaningful learning. Learners are assumed to be active agents in 
their own learning, where they select the information to which they will attend and then 
construct their own meaning. To do this, we must emphasize both what learners know 
(knowledge) and how they think (cognitive processes). 
  
1.  Knowledge in Competency Development 
 
Knowledge is developed through education and training. In instructional settings 
learners are assumed to construct their own knowledge based on prior knowledge, their 
current cognitive and metacognitive activity, and opportunities and constraints in the 
learning setting. The constructivist process of "making sense" involves the activation of 
prior knowledge as well as various cognitive processes that operate on knowledge. 
 
Based on cognitive science on the development of expertise, expert thinking, and 
problem solving, knowledge is domain specific and contextualized. Knowledge has been 
categorized into 4 dimensions. 
 
Factual Knowledge - The basic elements students must know to be acquainted with a 
discipline or to solve problems in it. 
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Conceptual Knowledge - The interrelationships among the basic elements within a larger 
structure that enable them to function together. 
 
Procedural Knowledge - How to do something, methods of inquiry, and criteria for using 
skills, algorithms, techniques, and methods. 
 
Metacognitive Knowledge - Knowledge of cognition in general as well as awareness and 
knowledge of one's own cognition. 
 
2.  Skills and Abilities in Competency Development 
 
Skills can be cognitive, perceptual, or motor. They are learned and acquired 
through training and experience. Skills are a composite of abilities, techniques, and 
knowledge. They are developmental and incremental, and reference-based for a desired 
application, in our case, systems engineering. 
 
Abilities are underlying attributes that comprise, enhance, or distinguish the skills of an 
individual. These can be either inherited or acquired natural abilities. Some of them are 
 
• Abilities with Data – presenting and handling information 
• Abilities with People – inter/intra personal communication 
• Abilities with ‘Things’ – practical objects 
• Abilities with Ideas – problem solving and creativity 
 
3.  Learning Contexts 
 
Cognitive processes need to be contextualized, considered in the context of 
educational objectives, combining cognitive processes with knowledge dimensions. 
Research suggests both that (1) the use of a cognitive process is dependent on the context, 
and (2) assessment of outcomes depends on the authenticity of the tasks, to which the 
subject matter it is applied. As an example of (1), different cognitive processes are 
required to learn how to plan solutions to math problems as opposed to learn how to plan 
to SECCM literary essays. For (2), learning to generate plans to design solutions (without 
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actually designing solutions) is different from learning to plan to generate design 
solutions within the context of actually planning and designing real solutions. Thus it is 
critical when considering learning to place it in as close to actual, authentic contexts as 
possible. 
 
Most authentic academic tasks require coordinated use of several cognitive processes as 
well as several types of knowledge simultaneously. For example, to accomplish systems 






• Producing 	  
IV. SUMMARY, CONCLUSIONS, RECOMMENDATIONS 
The SECCM developed by the NPS systems engineering team defines SE career 
development to include technical and general KSAs, along with the related education, 
training, and experience needed to acquire the KSAs. Bloom’s theory of categorical and 
hierarchical domains of learning is mirrored in the SECCM, as it utilizes Bloom’s 
taxonomic approach to aid in the description and classification of KSAs required of 
engineers. The NPS competency model takes the taxonomic approach one step further by 
providing an applicable method to document and assess at which points, and at which 
depth, should an engineer demonstrate particular KSAs within the 32 competencies 
identified. Utilizing the Bloom’s taxonomic scheme as established by Krathwohl, the 
current model has identified 2,601 KSAs.   
The NPS research team contends that the SECCM can be used to tailor sets of 
KSAs desired to develop competent system engineers for any DON organization. The 
model is also intended to be used by universities and training organizations to inform 
their development of learning objectives to meet the appropriate competency attainment 
for various SE positions. Additionally, the model should be useful as a foundation for 
defining systems engineering professional certification.   
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A good competency model was defined as one which serves as a platform by 
which individuals can assess their skill set. And, alongside having an assessment 
procedure in a competency model, a good competency model should also include a 
framework for validating assessments.  NPS expects to start validation of the model in 
FY14.  Yet, it reports having met most of the criterion established by Holt and Perry in 
establishing a good competency model.  
Areas for future research include sharing the SECCM with other organizations to 
identify which attributes are used directly and indirectly in order to develop an updated 
SE competency model. 
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